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(57) ABSTRACT 

A pump for a combustion engine is disclosed. The pump 
may have at least one pumping member movable through a 
plurality of displacement strokes during a single engine 
cycle. The pump may also have a controller in communi 
cation with the pumping member. The controller may be 
configured to selectively reduce an amount of fluid displaced 
during at least one, but less than all of the plurality of 
displacement strokes. The reduction may be initiated in 
response to a demand for the displaced fluid. 
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SELECTIVE DISPLACEMENT CONTROL OF 
MULTI-PLUNGER FUEL PUMP 

TECHNICAL FIELD 

0001. The present disclosure relates generally to a fuel 
pump, and more particularly to a system for selectively 
controlling the displacement of individual plungers within a 
multiple plunger fuel pump. 

BACKGROUND 

0002 Common rail fuel systems typically employ mul 
tiple injectors connected to a common rail that is provided 
with high pressure fuel. In order to efficiently accommodate 
the different combinations of injections at a variety of 
timings and injection amounts, the systems generally 
include a variable discharge pump in fluid communication 
with the common rail. One type of variable discharge pump 
is the cam driven, inlet or outlet metered pump. 
0003. A cam driven, inlet or outlet metered pump gen 
erally includes multiple plungers, each plunger being dis 
posed within an individual pumping chamber. The plunger is 
connected to a lobed cam by way of a follower, such that, as 
a crankshaft of an associated engine rotates, the cam like 
wise rotates and the connected lobe(s) reciprocatingly drives 
the plunger to displace fuel from the pumping chamber into 
the common rail. The amount of fuel pumped by the plunger 
into the common rail depends on the amount of fuel metered 
into the pumping chamber prior to the displacing movement 
of the plunger, or the amount of fluid spilled (i.e., metered) 
to a low-pressure reservoir during the displacing stroke of 
the plunger. 
0004 One example of a cam driven, outlet metered pump 

is described in U.S. Patent Publication No. 2006/0120880 
(the 880 publication) by Shafer et al. published on Jun. 8, 
2006. Specifically, the 880 publication teaches a pump 
having a housing that defines a first pumping chamber and 
a second pumping chamber. The pump also includes first and 
second plungers slidably disposed within the first and sec 
ond pumping chambers and movable between first and 
second spaced apart end positions to pressurize a fluid. The 
pump further includes a first cam having three lobes opera 
tively engaged with the first plunger, and a second cam 
having three lobes operatively engaged with the second 
plunger to move each of the first and second plungers 
between the first and second end positions six times during 
a complete cycle of the engine. The pump additionally 
includes a common spill passageway fluidly connectable to 
the first and second pumping chambers, and a control valve 
in fluid communication with the spill passageway. The 
control valve is movable to selectively spill fluid from the 
first and second pumping chambers to a low-pressure gallery 
to thereby change the effective displacement of the first and 
second plungers. 
0005. Although the cam driven outlet metered pump of 
the 880 publication may effectively pressurize fuel for a 
common rail system, it may be problematic. In particular, 
during each stroke of each plunger, significant force is 
directed from the plunger back through the respective cams, 
through a cam gear arrangement, and to a crankshaft of the 
associated engine. Although these forces by themselves 
might be insufficient to cause damage to the cams or cam 
gear arrangement, when coupled with other opposing forces 
Such as those caused by combustion of the fuel, a significant 
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hammering affect on the cams and/or cam gear arrangement 
may be observed. For example, when injectors of the same 
common rail system inject fuel to initiate combustion within 
the engine, resultant forces acting on the pistons of the 
engine travel down the connecting rod of each piston, 
through the crankshaft in reverse direction to the pump 
initiated forces, and into the cam gear arrangement. When 
the pump initiated forces and the injection initiated forces 
overlap (i.e., occur at the same time), the resultant force can 
be significant enough to cause damage to the cam gear 
arrangement and/or the cams of the fuel pump. Further, the 
forces acting on the components of the fuel system add to the 
overall noise of the engine, particularly when there is an 
overlap in the pump and injection initiated forces. 
0006. The disclosed fuel pump is directed to overcoming 
one or more of the problems set forth above. 

SUMMARY OF THE INVENTION 

0007. In one aspect, the present disclosure is directed to 
a pump for a combustion engine. The pump may include at 
least one pumping member movable through a plurality of 
displacement strokes during a single engine cycle. The pump 
may also include a controller in communication with the at 
least one pumping member and being configured to selec 
tively reduce an amount of fluid displaced during at least 
one, but less than all of the plurality of displacement strokes. 
The reduction may be initiated in response to a demand for 
the displaced fluid. 
0008. In another aspect, the present disclosure is directed 
to a method of pressurizing a fluid. The method may include 
pressurizing fluid multiple times during a single engine 
cycle. The method may also include selectively reducing an 
amount of fluid pressurized during at least one of the times, 
but less than all times in response to a demand for the 
pressurized fluid. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a schematic and diagrammatic illustration 
of an exemplary disclosed common rail fuel system; 
0010 FIG. 2 is a schematic and diagrammatic illustration 
of an exemplary disclosed fuel pump for use with the 
common rail fuel system of FIG. 1; and 
0011 FIG. 3 is a control diagram depicting exemplary 
disclosed timings of events associated with operation of the 
common rail fuel system of FIG. 1. 

DETAILED DESCRIPTION 

0012 FIG. 1 illustrates a power system 10 having an 
engine 12 and an exemplary embodiment of a fuel system 
28. Power system 10, for the purposes of this disclosure, is 
depicted and described as a four-stroke diesel engine. One 
skilled in the art will recognize, however, that engine 12 may 
be any other type of internal combustion engine Such as, for 
example, a gasoline or a gaseous fuel powered engine. 
0013 As illustrated in FIG. 1, engine 12 may include an 
engine block 14 that defines a plurality of cylinders 16. A 
piston 18 may be slidably disposed within each cylinder 16, 
and engine 12 may also include a cylinder head 20 associ 
ated with each cylinder 16. Cylinder 16, piston 18, and 
cylinder head 20 may form a combustion chamber 22. In the 
illustrated embodiment, engine 12 includes six combustion 
chambers 22. One skilled in the art will readily recognize, 
however, that engine 12 may include a greater or lesser 
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number of combustion chambers 22 and that combustion 
chambers 22 may be disposed in an “in-line' configuration, 
a 'V' configuration, or any other conventional configura 
tion. 
0014 Engine 12 may include a crankshaft 24 that is 
rotatably disposed within engine block 14. A connecting rod 
26 may connect each piston 18 to crankshaft 24 so that a 
sliding motion of piston 18 within each respective cylinder 
16 results in a rotation of crankshaft 24. Similarly, a rotation 
of crankshaft 24 may result in a sliding motion of piston 18. 
0015 Fuel system 28 may include components driven by 
crankshaft 24 to deliver injections of pressurized fuel into 
each combustion chamber 22. Specifically, fuel system 28 
may include a tank 30 configured to hold a supply of fuel, 
a fuel pumping arrangement 32 configured to pressurize the 
fuel and direct the pressurized fuel to a plurality of fuel 
injectors 34 by way of a manifold 36 (i.e., common rail), and 
a control system 38. 
0016 Fuel pumping arrangement 32 may include one or 
more pumping devices that function to increase the pressure 
of the fuel and direct one or more pressurized streams of fuel 
to manifold 36. In one example, fuel pumping arrangement 
32 includes a low-pressure source 40 and a high-pressure 
Source 42. Low-pressure source 40 may embody a transfer 
pump that provides low-pressure feed to high-pressure 
Source 42 via a passageway 43. High-pressure source 42 
may receive the low-pressure feed and increase the pressure 
of the fuel to about 300 MPa. High-pressure source 42 may 
be connected to manifold 36 by way of a fuel line 44. One 
or more filtering elements (not shown), such as a primary 
filter and a secondary filter, may be disposed within fuel line 
44 in series relation to remove debris and/or water from the 
fuel pressurized by fuel pumping arrangement 32, if desired. 
0017. One or both of low and high-pressure sources 40, 
42 may be operatively connected to engine 12 and driven by 
crankshaft 24. Low and/or high-pressure sources 40, 42 may 
be connected with crankshaft 24 in any manner readily 
apparent to one skilled in the art where a rotation of 
crankshaft 24 will result in a corresponding driving rotation 
of a pump shaft. For example, a pump driveshaft 46 of 
high-pressure source 42 is shown in FIG. 1 as being con 
nected to crankshaft 24 through a cam gear arrangement 48. 
It is contemplated, however, that one or both of low and 
high-pressure sources 40, 42 may alternatively be driven 
electrically, hydraulically, pneumatically, or in any other 
appropriate manner. 
0018. As illustrated in FIG. 2, high-pressure source 42 
may include a housing 50 defining a first and second barrel 
52, 54. High-pressure source 42 may also include a first 
plunger 56 slidably disposed within first barrel 52 such that, 
together, first plunger 56 and first barrel 52 may define a first 
pumping chamber 58. High-pressure source 42 may also 
include a second plunger 60 slidably disposed within second 
barrel 54 such that, together, second plunger 60 and second 
barrel 54 may define a second pumping chamber 62. It is 
contemplated that additional pumping chambers may be 
included within high-pressure source 42, if desired. 
0019. A first and second driver 66, 68 may operatively 
connect the rotation of crankshaft 24 to first and second 
plungers 56,60, respectively. First and second drivers 66, 68 
may include any means for driving first and second plungers 
56, 60 such as, for example, a cam, a swashplate, a wobble 
plate, a Solenoid actuator, a piezo actuator, a hydraulic 
actuator, a motor, or any other driving means known in the 
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art. In the example of FIG. 2, first and second drivers 66, 68 
are cams, each cam having two cam lobes 66L and 68L, 
respectively, such that a single full rotation of first driver 66 
may result in two corresponding reciprocations between two 
spaced apart end positions of first plunger 56, and a single 
full rotation of second driver 68 may result in two similar 
corresponding reciprocations of second plunger 60. 
0020 Cam gear arrangement 48 may be configured such 
that during a single full engine cycle (i.e., the movement of 
piston 18 through an intake stroke, compression stroke, 
power stroke, and exhaust stroke or two full rotations of 
crankshaft 24), pump driveshaft 46 may rotate each of 
drivers 66 and 68 two times. Thus, each of first and second 
plungers 56, 60 may reciprocate within their respective 
barrels four times for a given engine cycle to produce a total 
of eight pumping strokes. First and second drivers 66, 68 
may be positioned relative to each other such that first and 
second plungers 56, 60 are caused to reciprocate out of 
phase with one another and the eight pumping strokes are 
equally distributed relative to the rotational angle of crank 
shaft 24. It is contemplated that first and second drivers 66, 
68, if embodied as lobed cams, may alternatively include 
any number of lobes to produce a corresponding number of 
pumping strokes. It is also contemplated that a single driver 
may move both first and second plungers 56, 60 between 
their respective end positions, if desired. 
0021 High-pressure source 42 may include an inlet 70 
fluidly connecting high-pressure source 42 to passageway 
43. High-pressure source 42 may also include a low-pres 
sure gallery 72 in fluid communication with inlet 70 and in 
selective communication with first and second pumping 
chambers 58, 62. A first inlet check valve 74 may be 
disposed between low-pressure gallery 72 and first pumping 
chamber 58 to allow a unidirectional flow of low-pressure 
fuel into first pumping chamber 58. A second similar inlet 
check valve 76 may be disposed between low-pressure 
gallery 72 and second pumping chamber 62 to allow a 
unidirectional flow of low-pressure fuel into second pump 
ing chamber 62. 
0022 High-pressure source 42 may also include an outlet 
78, fluidly connecting high-pressure source 42 to fuel line 
44. High-pressure source 42 may include a high-pressure 
gallery 80 in selective fluid communication with first and 
second pumping chambers 58, 62 and outlet 78. A first outlet 
check valve 82 may be disposed between first pumping 
chamber 58 and high-pressure gallery 80 to allow displaced 
fluid from first pumping chamber 58 into high-pressure 
gallery 80. A second outlet check valve 84 may be disposed 
between second pumping chamber 62 and high-pressure 
gallery 80 to allow fluid displaced from second pumping 
chamber 62 into high-pressure gallery 80. 
0023 High-pressure source 42 may also include a first 
spill passageway 86 selectively fluidly connecting first 
pumping chamber 58 with a common spill passageway 90, 
and a second spill passageway 88 fluidly communicating 
second pumping chamber 62 with common spill passageway 
90. A spill control valve 92 may be disposed within common 
spill passageway 90 between first and second spill passage 
ways 86, 88 and low-pressure gallery 72 to selectively allow 
Some of the fluid displaced from first and second pumping 
chambers 58, 62 to flow through first and second spill 
passageways 86, 88 and into low-pressure gallery 72. The 
amount of fluid displaced (i.e., spilled) from first and second 
pumping chambers 58, 62 into low-pressure gallery 72 may 
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be inversely proportional to the amount of fluid displaced 
(i.e., pumped) into high-pressure gallery 80. 
0024. The fluid connection between pumping chambers 
58, 62 and low-pressure gallery 72 may be established by 
way of a selector valve 94 such that only one of first and 
second pumping chambers 58, 62 may fluidly connect to 
low-pressure gallery 72 at a time. Because first and second 
plungers 56, 60 may move out of phase relative to one 
another, one pumping chamber may be at high-pressure 
(pumping stroke) when the other pumping chamber is at 
low-pressure (intake stroke), and vice versa. This action may 
be exploited to move an element of selector valve 94 back 
and forth to fluidly connect either first spill passageway 86 
to spill control valve 92, or second spill passageway 88 to 
spill control valve 92. Thus, first and second pumping 
chambers 58, 62 may share a common spill control valve 92. 
It is contemplated, however, that a separate spill control 
valve may alternatively be dedicated to controlling the 
effective displacement of each individual pumping chamber, 
if desired. It is further contemplated that rather than meter 
ing an amount of fuel spilled from first and second pumping 
chambers 58, 62 (also know as outlet metering), the amount 
of fuel drawn into and subsequently displaced from first and 
second pumping chambers may alternatively be metered 
(also known as inlet metering). 
0025 Spill control valve 92 may be normally biased 
toward a first position where fluid is allowed to flow into 
low-pressure gallery 72, as shown in FIG. 2, via a biasing 
spring 96. Spill control valve 92 may also be moved by way 
of a solenoid or pilot force to a second position where fluid 
is blocked from flowing into low-pressure gallery 72. The 
movement timing of spill control valve 92 between the flow 
passing and flow blocking positions relative to the displace 
ment position of first and/or second plungers 56, 60, may 
determine what fraction of the fluid displaced from the 
respective pumping chambers spills to low-pressure gallery 
72 or is pumped to high-pressure gallery 80. 
0026 Fuel injectors 34 may be disposed within cylinder 
heads 20 and connected to manifold 36 by way of distribu 
tion lines 102 to inject the fuel displaced from first and 
second pumping chambers 58, 62. Fuel injectors 34 may 
embody, for example, electronically actuated—electroni 
cally controlled injectors, mechanically actuated—electroni 
cally controlled injectors, digitally controlled fuel valves, or 
any other type of fuel injectors known in the art. Each fuel 
injector 34 may be operable to inject an amount of pressur 
ized fuel into an associated combustion chamber 22 at 
predetermined timings, fuel pressures, and fuel flow rates. 
The timing of fuel injection into combustion chamber 22 
may be synchronized with the motion of piston 18 and thus 
the rotation of crankshaft 24. For example, fuel may be 
injected as piston 18 nears a top-dead-center (TDC) position 
in a compression stroke to allow for compression-ignited 
combustion of the injected fuel. Alternatively, fuel may be 
injected as piston 18 begins the compression stroke heading 
towards a top-dead-center position for homogenous charge 
compression ignition operation. Fuel may also be injected as 
piston 18 is moving from a top-dead-center position towards 
a bottom-dead-center position during an expansion stroke 
for a late post injection to create a reducing atmosphere for 
aftertreatment regeneration. The combustion resulting from 
the injection of fuel may generate a force on piston 18 that 
travels through connecting rod 26 and crankshaft 24 to rotate 
cam gear arrangement 48 for pressurizing of additional fuel. 
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0027 Control system 38 (referring to FIG. 1) may control 
what amount of fluid displaced from first and second pump 
ing chambers 58, 62 is spilled to low-pressure gallery 72 and 
what amount is pumped through high-pressure gallery 80 to 
manifold 36 for subsequent injection and combustion. Spe 
cifically, control system 38 may include an electronic control 
module (ECM) 98 in communication with spill control valve 
92. Control signals generated by ECM 98 directed to spill 
control valve 92 via a communication line 100 may deter 
mine the opening and closing timing for spill control valve 
92 that results in a desired fuel flow rate to manifold 36 
and/or a desired fuel pressure within manifold 36. 
0028 ECM 98 may embody a single microprocessor or 
multiple microprocessors that include a means for control 
ling the operation of fuel system 28. Numerous commer 
cially available microprocessors can be configured to per 
form the functions of ECM 98. It should be appreciated that 
ECM 98 could readily embody a general engine or power 
system microprocessor capable of controlling numerous and 
diverse functions. ECM 98 may include a memory, a sec 
ondary storage device, a processor, and any other compo 
nents for running an application. Various other circuits may 
be associated with ECM 98 such as power supply circuitry, 
signal conditioning circuitry, Solenoid driver circuitry, and 
other types of circuitry. 
(0029 ECM 98 may selectively open and close spill 
control valve 92 to spill or pump fuel in response to a 
demand. That is, depending on the rotational speed of engine 
12 and the load on engine 12, a predetermined amount of 
fuel must be injected and combusted in order to provide a 
required engine speed and/or torque output. In order for 
injectors 34 to inject this predetermined amount of fuel, a 
certain quantity and pressure of the fuel must be present 
within manifold 36 at the time of injection. ECM 98 may 
include one or more maps stored in a memory thereof 
relating various engine conditions and or sensory input to 
the required quantity of fuel. Each of these maps may be in 
the form of tables, graphs, and/or equations and include a 
compilation of data collected from lab and/or field operation 
of engine 12. ECM 98 may reference these maps and/or 
sensory input and open or close spill control valve 92 such 
that first and second plungers 56, 60 displace the required 
amount of fuel to manifold 36 at the correct timing. 
0030. As illustrated in FIG. 3, in some situations, the 
displacing strokes of first and second plungers 56, 60 may 
correspond with the injection timing of fuel injectors 34. 
Specifically, FIG. 3 illustrates an exemplary injection timing 
of fuel injectors 34 generally designated by the darker 
regions in a outer annulus 104, and exemplary stroke timing 
of first and second plungers 56, 60 generally designated by 
the darker regions in a mid-located annulus 106. The darker 
regions of an inner annulus 108 indicates the angular overlap 
in crankshaft timing between injection events and displacing 
strokes. 

0031. As can be seen from outer annulus 104, for every 
complete engine cycle (i.e., two rotations of crankshaft 24), 
fuel injectors 34 may inject fuel six different times (i.e., one 
injection for each fuel injector 34). In particular, the injec 
tions of fuel from fuel injectors 34 numbered 1-6 (counting 
from left to right in FIG. 1), may start at 716°, 116°, 236°, 
356°, 476°, 596° of crankshaft revolution (labeled as SOI 
in FIG. 3), respectively, and end at 36°, 156°, 276°, 396, 
516°, 636° (labled as EOI in FIG. 3), respectively. 
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0032. As can be seen from mid-located annulus 106, for 
every complete engine cycle, first and second plungers 56, 
60 may move through a displacing stroke four times each, 
for a combined total of eight strokes. That is, first plunger 56 
may start a first displacing stroke at 679.5° (labled as SOP 
in FIG. 3), followed by a second displacing stroke of second 
plunger 60 starting at 49.5° (SOP). The first displacing 
stroke may end at 14.5° (labeled as EOP in FIG. 3), while 
the second displacing stroke may end at 104.5° (EOP.). The 
ensuing 3'-8" displacing strokes may continue in this 
manner, with first plunger 56 alternating displacing strokes 
with second plunger 60 such that SOP. occurs at 139.5°, 
SOP, occurs at 229.5°, SOP. occurs at 319.5°, SOP. occurs 
at 409.5, SOP, occurs at 499.5°, and SOPs occurs at 589.5°. 
Similarly, the 3'-8" displacing strokes may end at an EOP, 
of 194.5°, an EOP of 284.5°, an EOP of 374.5°, an EOP 
of 464.5°, an EOP, of 554.5°, and an EOPs of 644.5°. 
0033. As can be seen from inner annulus 108, for every 
complete engine cycle, four displacing strokes of high 
pressure source 42 (i.e., strokes 1, 3, 5, and 7) may overlap 
at least partially with four fuel injection events (i.e., the 
injection events of fuel injectors 1, 2, 5, and 6). Two 
displacing strokes of high-pressure source 42 (i.e., strokes 4 
and 8) may overlap almost completely with two fuel injec 
tion events (i.e., the injection events of fuel injectors 3 and 
4). The two remaining displacing strokes of high-pressure 
Source 42 (i.e., strokes 2 and 6) may not be coincident with 
any injection events. Because the forces experienced by first 
and second drivers 66, 68, cam gear arrangement 48, and 
crankshaft 24 may be a sum of the forces imparted by first 
and second plungers 56, 60 and by pistons 18 during the 
combustion of injected fuel, the overlapping injection events 
described above may, if left unchecked, result in significant 
and possibly even damaging forces. 
0034) To minimize the magnitude of these resultant 
forces, ECM 98 may selectively vary (i.e., reduce) the 
amount fuel pumped by first and/or second plungers 56, 60 
into manifold 36. For example, ECM 98 may selectively and 
significantly reduce the effective displacement of the strokes 
4 and 8 described above, and/or moderately reduce the 
effective displacement of strokes 1, 3, 5, and 7. By reducing 
these effective displacement amounts, the duration of the 
overlap between completely coincident pumping strokes and 
injection events may be minimized, thereby minimizing the 
duration of the high magnitude forces. In addition, by 
reducing effective displacement amounts associated with 
partially coincident pumping strokes and injection events, it 
may be possible to not only minimize the duration of the 
high magnitude forces, but to even eliminate the overlap 
altogether. 
0035 Multiple strategies may be utilized to reduce the 
displacement of individual pumping strokes. One Such strat 
egy may include keeping one or more of the pumping 
strokes at full displacement, while reducing the remaining 
pumping strokes by an equal amount. For example, pumping 
strokes 1-3 and 5-7 may be kept at full displacement, while 
strokes 4 and 8 may be reduced by an equal amount of 50% 
of a maximum displacement capacity. Another strategy may 
include keeping one or more of the pumping strokes at full 
displacement, while reducing a first stroke by a first amount, 
a second stroke by a second amount, a third stroke by a third 
amount, etc. For example, pumping strokes 2 and 6 may be 
kept at full displacement, strokes 1, 3, 5, and 7 may be 
reduced by a small amount of 25%, and strokes 4 and 8 may 
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be reduced by a greater amount of 50%. In yet another 
example, the pumping strokes of only one of first and second 
plungers 56, 60 may be displacement reduced. For example, 
pumping strokes 1, 3, 5, and 7 corresponding with the 
motion of first plunger 56 may be kept at full displacement, 
while only strokes 2, 4, 6, and 8 that correspond with the 
motion of second plunger 60 may be reduced. Regardless of 
the strategy implemented, it may be best to reduce the 
displacement of those strokes most coincident (i.e. having 
the most overlap) with injection events. It may also be 
desirable in some situations to minimize or even prevent the 
displacement reduction of consecutive pumping strokes 
such that interruptions in the supply of fuel to manifold 36 
may be minimal or nonexistent. 
0036. The reduction in pumping strokes may be initiated 
in response to a demand for fuel. That is, if the demand for 
fuel is at a maximum value, it may be impossible to reduce 
the displacement of any pumping strokes and still Supply the 
demanded fuel quantity, regardless of overlap with injection 
events. As the demand for fuel falls away from the maxi 
mum value, the effective displacement reductions may begin 
to occur, and the reductions may become more dramatic as 
the demand for fuel within manifold 36 continues to drop. 
For example, as the fuel demand drops from 100% of a 
maximum supply rate to 75%, the effective displacement of 
first and second plungers 56, 60 may be reduced by a 
corresponding amount of about 25%. This reduction amount 
may correspond with the complete displacement reduction 
of pumping strokes 4 and 8, or the 50% effective displace 
ment reduction of pumping strokes 4 and 8 and the 25% 
effective displacement reduction of pumping strokes 1, 3, 5, 
and 7. Alternatively, the 25% fuel demand reduction may 
result in a 30% effective displacement reduction of pumping 
stroke 4, a 20% effective displacement reduction of pumping 
stroke 8, a 12% effective displacement reduction of pumping 
stroke 1, a 10% effective displacement reduction of pumping 
stroke 3, an 8% effective displacement reduction of pumping 
stroke 5, and a 5% effective displacement reduction of 
pumping stroke 7. Any combination of individual displace 
ment reductions may be instituted so long as the combined 
effective displacement rate (i.e., displacement amount per 
engine cycle) is sufficient to meet the fuelling demands of 
engine 12. The exact strategy for displacement reduction 
may vary and depend, for example, on engine speed, engine 
load, type of engine, engine application, desired fuel con 
Sumption, exhaust emissions, pump efficiency, resulting 
force magnitude, and other factors known in the art. 

INDUSTRIAL APPLICABILITY 

0037. The disclosed pump finds potential application in 
any fluid system where it is desirous to control discharge 
from a pump in a manner that reduces resulting forces and 
damage on the fluid system. The disclosed pump finds 
particular applicability in fuel injection systems, especially 
common rail fuel injection systems for an internal combus 
tion engine. One skilled in the art will recognize that the 
disclosed pump could be utilized in relation to other fluid 
systems that may or may not be associated with an internal 
combustion engine. For example, the disclosed pump could 
be utilized in relation to fluid systems for internal combus 
tion engines that use a non-fuel hydraulic medium, Such as 
engine lubricating oil. The fluid systems may be used to 
actuate various Sub-systems such as, for example, hydrau 
lically actuated fuel injectors or gas exchange valves used 
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for engine braking. A pump according to the present disclo 
Sure could also be substituted for a pair of unit pumps in 
other fuel systems, including those that do not include a 
common rail. 
0038 Referring to FIG. 1, when fuel system 28 is in 
operation, first and second drivers 66, 68 may rotate causing 
first and second plungers 56, 60 to reciprocate within 
respective first and second barrels 52, 54, out of phase with 
one another. When first plunger 56 moves through the intake 
stroke, second plunger 60 may move through the pumping 
stroke. 
0039. During the intake stroke of first plunger 56, fluid 
may be drawn into first pumping chamber 58 via first inlet 
check valve 74. As first plunger 56 begins the pumping 
stroke, the increasing fluid pressure within first pumping 
chamber 58 may cause selector valve 94 to move and allow 
displaced fluid to flow (i.e., spill) from first pumping cham 
ber 58 through spill control valve 92 to low-pressure gallery 
72. When it is desirous to output high-pressure (i.e., pump) 
fluid from high-pressure source 42, spill control valve 92 
may move to block fluid flow from first pumping chamber 
58 to low-pressure gallery 72. 
0040 Closing spill control valve 92 may cause an imme 
diate build up of pressure within first pumping chamber 58. 
As the pressure continues to increase within first pumping 
chamber 58, a pressure differential across first outlet check 
valve 82 may produce an opening force that exceeds a spring 
closing force of first outlet check valve 82. When the spring 
closing force of first outlet check valve 82 has been sur 
passed, first outlet check valve 82 may open and high 
pressure fluid from within first pumping chamber 58 may 
flow through first outlet check valve 82 into high-pressure 
gallery 80 and then into manifold 36 by way of fluid line 44. 
0041. One skilled in the art will appreciate that the timing 
at which spill control valve 92 closes and/or opens may 
determine what fraction of the amount of fluid displaced by 
the first plunger 56 is pumped into the high-pressure gallery 
80 and what fraction is pumped back to low-pressure gallery 
72. This operation may serve as a means by which pressure 
can be maintained and controlled in manifold 36. As noted 
in the previous section, control of spill valve 92 may be 
provided by signals received from ECM 98 over commu 
nication line 100. 
0042. Toward the end of the pumping stroke, as the angle 
of cam lobe 66L causing first plunger 56 to move decreases, 
the reciprocating speed of first plunger 56 may proportion 
ally decrease. As the reciprocating speed of first plunger 56 
decreases, the opening force caused by the pressure differ 
ential across first outlet check valve 82 may near and then 
fall below the spring force of first outlet check valve 82. First 
outlet check valve 82 may move to block fluid therethrough 
when the opening force caused by the pressure differential 
falls below the spring force of first outlet check valve 82. 
0043. As second plunger 60 switches modes from filling 
to pumping (and first plunger 56 Switches from pumping to 
filling), selector valve 94 may move to block fluid flow from 
first pumping chamber 58 and open the path between second 
pumping chamber 62 and spill control valve 92, thereby 
allowing spill control valve 92 to control the discharge of 
second pumping chamber 62. Second plunger 60 may then 
complete a pumping stroke similar to that described above 
with respect to first plunger 56. 
0044. During any one of the pumping strokes of first and 
second plungers 56, 60, the effective displacement (i.e., the 
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ratio of the amount of fuel pumped to the amount of fuel 
spilled) thereof may be individually reduced to minimize the 
forces transmitted through first and/or second drivers 66, 68. 
cam gear arrangement 48, and crankshaft 24. The effective 
displacement reduction may be made by keeping spill con 
trol valve 92 in the open position for a greater period of time 
during the start of the pumping stroke or, alternatively, by 
opening spill control valve 92 at a time before the end of the 
pumping stroke of the respective plunger. ECM 98 may 
institute this reduced effective displacement in response to 
anticipated, known, and/or measured overlapping injection 
events and a demand for fuel being less than a maximum 
output capacity of high-pressure source 42. As the demand 
for fuel decreases the amount of effective displacement 
reduction may be increased and/or the effective displace 
ment of other pumping strokes may be additionally and 
incrementally reduced according to a number of different 
strategies stored within the memory of ECM 98. 
0045. Several advantages may be realized because the 
individual pumping strokes of first and/or second plungers 
56, 60 may be selectively displacement reduced. For 
example, the forces resulting from the displacement strokes 
of first and/or second plungers 56, 60 may be reduced to 
below a component damaging threshold, thereby extending 
the component lift of fuel system 28 and reducing the 
engine's overall noise level. In addition, by reducing the 
effective displacement of the pumping strokes, the operating 
cost of high-pressure source 42 may also be reduce by only 
outputting pressurized fuel as demanded and by outputting 
the pressurized fuel with as few of the pumping strokes as 
possible. That is, by utilizing fewer than all of the pumping 
strokes (i.e., reducing one or more of the pumping strokes 
completely), the displacement of the remaining strokes (the 
strokes with no or little overlap with an injection event) may 
be increased proportionally, possibly to their maximum 
displacement values according to the fuel demand. Fewer 
strokes at a greater displacement may be more efficient than 
more strokes at a lower displacement. 
0046. It will be apparent to those skilled in the art that 
various modifications and variations can be made to the 
pump of the present disclosure. Other embodiments of the 
pump will be apparent to those skilled in the art from 
consideration of the specification and practice of the pump 
disclosed herein. It is intended that the specification and 
examples be considered as exemplary only, with a true scope 
being indicated by the following claims and their equiva 
lents. 

What is claimed is: 
1. A pump for a combustion engine, comprising: 
at least one pumping member movable through a plurality 

of displacement strokes during a single engine cycle; 
and 

a controller in communication with the at least one 
pumping member and being configured to selectively 
reduce an amount of fluid displaced during at least one, 
but less than all of the plurality of displacement strokes, 
wherein the reduction is initiated in response to a 
demand for the displaced fluid. 

2. The pump of claim 1, wherein the amount of fluid 
displaced is reduced for more than one of the plurality of 
displacement strokes and the reduction amount for each of 
the more than one of the plurality of displacement strokes is 
Substantially the same. 
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3. The pump of claim 1, wherein the amount of fluid 
displaced is reduced for more than one of the plurality of 
displacement strokes and the reduction amount for each of 
the more than one of the plurality of displacement strokes is 
different. 

4. The pump of claim 3, wherein: 
the combustion engine has at least one fuel injector and 

the more than one of the plurality of displacement 
strokes coincide at least partially with injection timings 
of the at least one fuel injector; and 

the one of the more than one of the plurality of displace 
ment strokes having the greatest reduction in the fluid 
displacement amount coincides most completely with 
an injection timing of the at least one fuel injector. 

5. The pump of claim 1, wherein the combustion engine 
has at least one fuel injector and the at least one displace 
ment stroke that is reduced coincides at least partially with 
at least one injection timing of the at least one fuel injector. 

6. The pump of claim 1, wherein the amount of fluid 
displaced is reduced for more than one of the plurality of 
displacement strokes and each of the more than one of the 
plurality of displacement strokes are non-consecutive. 

7. The pump of claim 1, wherein: 
the at least one pumping member includes a first pumping 
member and a second pumping member, and 

the displacement strokes having a reduced fluid displace 
ment amount correspond with only one of the first and 
second pumping members. 

8. A fuel pump, comprising: 
a housing at least partially defining a first pumping 
chamber and a second pumping chamber, 

a first plunger slidingly disposed within the first pumping 
chamber; 

a first cam mechanism rotationally driven to move the first 
plunger between first and second spaced apart end 
positions to pressurize fuel multiple times during a 
complete engine cycle; 

a second cam mechanism rotationally driven to move the 
second plunger between the first and second spaced 
apart end positions out of phase with the first plunger 
to pressurize fuel multiple times during the complete 
engine cycle; and 

a controller in communication with the first and second 
plungers to reduce the amount of fuel pressurized by 
individual movements independent of other move 
ments during the complete engine cycle. 

9. The fuel pump of claim 8, wherein the amount of fuel 
pressurized by at least one of the movements during the 
complete engine cycle remains at a maximum amount. 

10. The fuel pump of claim 8, wherein the amount of fuel 
pressurized by each of multiple movements within the 
engine cycle is reduced by the same amount. 
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11. The fuel pump of claim 8, wherein the amount of fuel 
pressurized by each of multiple movements within the 
engine cycle is reduced by a different amount. 

12. The fuel pump of claim 8, wherein the movements 
having a reduced amount of pressurized fuel are non 
consecutive. 

13. The fuel pump of claim 8, wherein the amount of fuel 
pressurized by the movements of only the first plunger are 
reduced. 

14. A combustion engine, comprising: 
the fuel pump of claim 8: 
an engine block at least partially defining a combustion 

chamber; 
a fuel injector disposed to inject the pressurized fuel into 

the combustion chamber at a predetermined timing 
during the complete engine cycle; and 

a crankshaft configured to reciprocatingly drive a piston 
within the combustion chamber and to rotationally 
drive the fuel pump, 

wherein the movements pressurizing a reduced amount of 
fuel coincide at least partially with the predetermined 
timing of the fuel injector. 

15. The combustion engine of claim 14, wherein the 
amount of fuel pressurized by the movement coinciding 
most precisely with the predetermined timing of the fuel 
injector is reduced the most. 

16. A method of pressurizing fluid, comprising: 
pressurizing fluid multiple times during a single engine 

cycle; and 
selectively reducing an amount of fluid pressurized during 

at least one of the times, but less than all times in 
response to a demand for the pressurized fluid. 

17. The method of claim 16, wherein the amount of fluid 
pressurized is reduced for a plurality of the multiple times 
during the same engine cycle and the reduction amount for 
each of the plurality of the multiple times is substantially the 
SaC. 

18. The method of claim 16, wherein the amount of fluid 
pressurized is reduced for a plurality of the multiple times 
during the same engine cycle and the reduction amount for 
each of the plurality of the multiple times is different. 

19. The method of claim 16, further including injecting 
the fluid at a predetermined timing during the engine cycle, 
wherein the greatest reduction amount coincides most pre 
cisely with the predetermined timing. 

20. The method of claim 16, wherein the times when the 
amount of pressurized fluid are reduced are non-consecu 
tive. 


